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We have shown a new scenario of successful leptogenesis with one L violating coupling and a
relative Majorana phase playing the role of CP violation. This is in contrast to the usual consid-
eration of diagram with at least two L violating couplings. We have considered R-parity violating
Minimal Supersymmetric Standard Model (MSSM) for leptogenesis at TeV scale. This scenario is
also consistent with generating appropriate light neutrino mass with the same L violating coupling.
PACS numbers: 12.60.Jv,11.30.Fs
There is asymmetry in the number density of baryons
and antibaryons in our observed universe and one may
consider baryogenesis or leptogenesis mechanism with
baryon number violating or lepton number violating in-
teractions respectively to explain such asymmetry. In the
latter case the lepton number asymmetry could result in
baryon number asymmetry in presence of sphalerons.
One of the difficulties for creating sufficient asymme-
try through such mechanisms follows from Nanopoulos-
Weinberg theorem [1] which states that to get asymme-
try, the higher order diagram should require at least two
B or L violating couplings when the decaying particle has
only B or L violating decay modes [2]. As considering
more B or L violating couplings in higher order diagram
reduces the CP asymmetry it would be more appropriate
to find out baryogenesis or leptogenesis mechanism where
restriction of this theorem could be avoided. This could
be possible if the decaying particle generating asymmetry
has B or L conserving decay modes also [3]. We have con-
sidered leptogenesis mechanism in the context of R par-
ity violating Minimal Supersymmetric Standard model
where neutralinos are the decaying particles through L
violating interactions. The asymmetry is generated from
the interference of tree and higher order diagram. In
our higher order Feynman diagrams (see Fig. 1) for neu-
tralino decay generating leptonic asymmetry there is only
one L violating couplings instead of at least three L vi-
olating couplings, as for example, considered in [4]. In
our case the asymmetry is essentially generated from the
decay of next to lightest neutralino which has both L vi-
olating and L conserving decay modes. For this reason
even with one L violating coupling it does not contradict
the Nanopoulos-Weinberg theorem [3].
Apart from the issue of that theorem, there is another
important criteria to be fulfilled with regard to B or
L violating coupling in the higher order diagrams for
obtaining asymmetry. This is that the interaction be-
tween intermediate on-shell particles and the final parti-
cles should correspond to a net change in baryon/lepton
number [3]. In other words, B or L violating coupling
should be present on the right of the ‘cut’ in the higher
order diagram to have non-vanishing total CP asymme-
try after summing over all possible intermediate and fi-
nal states generated due to decay. One may get non-zero
asymmetry from the interference of tree and higher or-
der diagram without right of the ‘cut’ condition but it
could vanish if other higher order diagrams with all pos-
sible intermediate and final states are considered. The
cases where some authors have found vanishing of to-
tal CP asymmetry [5] may be considered as examples
of this feature. This restricts further the scope of suc-
cessful baryogenesis or leptogenesis mechanism. In our
case, in the context of leptogenesis in the decay process
as shown in Fig. 1 this condition is satisfied. Finally it
turns out that in the leptogenesis mechanism with one L
violating coupling which we propose in Supersymmetric
Model, the CP asymmetry comes from non-zero relative
Majorana phase.
We have shown in Minimal supersymmetric Standard
Model leptogenesis could be possible at low energy scale
(O TeV). There are a few works on low scale (O TeV)
leptogenesis considering supersymmetric models [4, 6–8]
and non-supersymmetric models [9]. In works related
to supersymmetric models, the minimal version of the
model - the MSSM with explicit R parity violation [10]
seems to be inadequate for the generation of asymmetry
and has been modified in the scalar sector introducing
new scalar field or in considering the R violating interac-
tions introducing non-holomorphic terms in the superpo-
tential. However, here we have shown the possibility of
leptogenesis in the minimal version itself generating the
required asymmetry.
In MSSM with explicit R-parity violation [10] L vio-
lation could come from the following trilinear R-parity
violating terms in the superpotential,
WRPV =
∑
i,j,k
(
1
2
λijkLiLjEk + λ
′
ijkLi.QjDk
)
. (1)
We have considered only the presence of non-zero λijk
couplings. Similar results follow if one considers both
λijk and λ
′
ijk couplings as non-zero or any one of those
couplings. In our framework the decay of next to lightest
neutralino (χ01) occurs through L conserving decay mode
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2χ01 → χ02ll(qq) and L violating decay mode χ01 → νll(qq).
The decay process χ01 → νll with ∆L = 1 generates
asymmetry.
We consider the neutralino mass matrix above elec-
troweak symmetry breaking scale where the leptonic
asymmetry is expected to be converted to baryonic asym-
metry in presence of sphalerons as discussed later. The
mass matrix is given by
Mχ0 =

M1 0 0 0
0 M2 0 0
0 0 0 −µ
0 0 −µ 0
 ;
mχ01 = |M1|
mχ02 = |M2|
mχ03 = |µ|
mχ04 = |µ|
(2)
where µ is the Higgsino mass parameter and M1 and
M2 are the U(1) and SU(2) gaugino mass parameters
respectively. To avoid next to lightest neutralino decay-
ing dominantly to higgs and lightest neutralino we have
considered |µ| >> (|M1|, |M2|). Also we have chosen
|M1| > |M2| in our work as otherwise for |M1| < |M2|
there would be significant annihilation of the next to
lightest neutralino to W+W− resulting in reduction of its
number density. Then it will be hard to get enough lep-
tonic asymmetry from its decay. One may note that there
are no gaugino-Higgsino mixing in the above mass ma-
trix as that occurs due to electroweak symmetry breaking
when Higgs scalar is replaced by its vacuum expectation
value in Higgs-gaugino-Higgsino interaction. The domi-
nant decay channel for χ03,4 corresponds to decaying to
lightest higgs and other lighter neutralinos and as such
the leptonic asymmetry generated by these are expected
to be negligible. Furthermore, any asymmetry generated
by these or generated at high scale by the L violating
decay of heavy particles will be washed out by the asym-
metry generated at low scale by the decay of lighter neu-
tralino which do not decay to Higgs scalar because of the
above structure of neutralino mass matrix. χ02 being the
lightest neutralino for above mass matrix, has no L con-
serving decay mode and has only L (in our case) and/or
B violating decay modes. So according to our earlier dis-
cussion, the next to lightest neutralino χ01 with both L
conserving and L violating decay modes, turns out to be
the only suitable neutralino for creating sufficient asym-
metry.
To obtain asymmetry, CP violation is also required
which comes due to Majorana nature of neutralino fields.
For CP violating phase, the relevant part in the above
complex symmetric neutralino mass matrix is the upper
left 2× 2 block containing complex mass parameters M1
and M2 . This block is decoupled from the rest part of
mass matrix so far diagonalisation is concerned and this
could give one relative Majorana phase in the neutralino
mixing matrix after choosing one overall unphysical Ma-
jorana phase as zero. So, lighter two neutalinos χ1 and
χ2 could contain at least one relative Majorana phase
(say e−iφ). Now the asymmetry comes from the inter-
ference of tree and next higher order diagram as shown
in Figure 1 which gives the required phase e−i2φ and a
factor of sin 2φ in the CP asymmetry. Apart from this
phase, in the interference term in Figure 1, no other L
conserving complex MSSM coupling or L violating com-
plex λ coupling contribute to any further CP violation
in generating asymmetry from the decay of χ1.
In this work we are considering leptogenesis at low en-
ergy TeV scale. To satisfy the out of equilibrium condi-
tion for the decay width, the L violating couplings are re-
quired to be much smaller than that required for leptoge-
nesis at high scale like SUSY breaking scale or GUT scale
and the generated asymmetry is expected to be smaller
[8]. In our work this problem has been avoided as the
asymmetry has been generated by the three body decay
of two lighter neutralinos instead of two body decay, re-
sulting in suppression of decay width due to more phase
space suppression. Similar such approach was discussed
in [8].
At low energy some L conserving scatterings, in which
couplings are not constrained by out of equilibrium con-
dition, could be very fast process resulting in damping of
asymmetry [8]. In R-violating MSSM such L conserving
processes could be χ0iχ
0
i → W+W− , χ0iχ0j → ll¯. How-
ever, the first process is not possible for χ01 (whose decay
creates asymmetry) because of the gaugino mass condi-
tion as stated after eq.(2). The second scattering process
is Boltzman-suppressed with respect to decay process at
low temperature satisfying out of equilibrium condition
as can be seen in the Boltzman equations given later.
There are some L violating scatterings which are of
two categories : (1) χ01l→ νl enhancing asymmetry with
∆L = 1, (2) χ01ν(l) → l(ν)l resulting in wash-out of
asymmetry with ∆L = −1 since decay asymmetry cor-
responds to ∆L = 1. The couplings involved in these
processes are constrained by out of equilibrium condi-
tion and these scattering start playing role after some
∆L asymmetries are produced satisfying out of equilib-
rium condition. So they could modify the asymmetry to
some extent and has been considered in our numerical
analysis.
One may note that the leptonic asymmetry is gener-
ated above electroweak symmetry breaking scale in our
scenario in which case the next to lightest neutralino
(which is only bino without any wino or Higgsino compo-
nent) have only three body decay modes. For the above
L violating decay the tree level diagrams and next higher
order Feynman diagrams with one L violating couplings
are given below in figure 1. The L conserving decays
are shown in figure 2. In addition to that shown in fig-
ure 2 there will be L conserving decay χ01 → ll(qq)χ02
in presence of two L conserving MSSM couplings simi-
lar to Figure 2 but not shown. It is possible to get next
higher order Feynman diagram in figure 1 by consider-
ing more L violating couplings also but as such couplings
are expected to be smaller, the corresponding asymme-
tries will be much lesser. In the triangle diagram in figure
31, χ01 is not possible as there will be no relative Majorana
phase which is required for CP violation. The other two
heavier neutralinos in the triangle diagram could not be
considered as the ‘cut’ in the diagram will not be possi-
ble. For the same reason one can see that the decay of
lightest neutralino will not generate asymmetry through
such diagrams and is consistent with our earlier discus-
sion related to Nanopoulos- Weinberg theorem.
Considering the interference of tree and next higher
order diagram in Fig. 1 one obtains the CP asymmetry
parameter  given by
 =
Γχ01→νll − Γχ01→νll
Γχ01→νll + Γχ01→νll + Γχ01→llχ02 + Γχ01→qqχ02
, (3)
where the denominator corresponds to total decay width
of next to lightest neutralino and the numerator is pro-
portional to CP violating phase φ and L violating cou-
pling as (
Γχ01→νll − Γχ01→νll
)
∝ |λijk|2 sin 2φ
in addition to the factor due to integration of three body
phase space.
We have considered the thermal masses of leptons and
quarks above electroweak scale given by [12]
ml(z) = mν(z) =
√
3
23
g2 +
1
32
g′2
mχ1
z
;
mu(z) = md(z) =
√
1
3
gs +
3
16
g2 +
1
144
g′2
mχ1
z
. (4)
where z =
mχ1
T , g =
e
sin θW
, g′ = ecos θW and gs is the
strong coupling constant. For our analysis we have con-
sidered one L violating coupling (λijk ≡ λ).
χ03,4 will have insignificant role in the generation of
asymmetry and χ01 will play the major role as discussed
earlier. However, the evolution of the number density
of χ01 will depend on that of χ
0
2 through co-annihilation
channel. The number densities of χ1, χ2 and the lepton
asymmetry are defined as
Yχi =
nχi(z)
s(z)
; Y∆L =
nl(z)− nl(z)
s(z)
respectively and the entropy density and the Hubble rate
are defined as
s(z) = g∗
2pi2
45
m3χ1
z3
; H(z) =
√
4pi3g∗
45
m2χ1
mplz2
.
respectively where mpl = 1.22 × 1019 GeV is the planck
mass. The corresponding coupled Boltzmann equations
for Yχ01 ,Yχ02 and Y∆L are given as:
dYχ01(z)
dz
= − 1
s(z)H(z)z
[(
Yχ01(z)
Y eq
χ01
− 1
)(
γDχ01
+ 2(γχ01l→ll + γχ01l→ll)
)
+
2∑
i=1
(
Yχ01(z)
Y eq
χ01
Yχ0i (z)
Y eq
χ0i
− 1
)
γχ01χ0i→ff
]
;
dYχ02(z)
dz
= − 1
s(z)H(z)z
[(
Yχ02(z)
Y eq
χ02
− 1
)(
γDχ02
+ 2(γχ02l→ll + γχ02l→ll)
)
+
2∑
i=1
(
Yχ02(z)
Y eq
χ02
Yχ0i (z)
Y eq
χ0i
− 1
)
γχ02χ0i→ff
+
(Y 2
χ0i
(z)
Y eq2
χ02
− 1
)
γχ02χ02→W+W−
]
;
dY∆L(z)
dz
=
1
s(z)H(z)z
2∑
i=1
[
2iγ
D
χ0i
(
Yχ0i (z)
Y eq
χ0i
− 1
)
− 1
2
Y∆L(z)
Y eql
γDχ0i
+
Y∆L
Y eql
(
Yχ0i
Y eq
χ0i
− 2
)(
γχ0i l→νl
)
− Y∆L
Y eql
Yχ0i
Y eq
χ0i
(
γχ0i ν→ll + γχ0i l→νl
)]
; (5)
4χ†1
lj(νi) νi(lj)
lk
l˜j(ν˜i)
χ1
lj(νi)
χ2
lj(νi) l˜j(ν˜i)
νi(lj)
lk
l˜j(ν˜i)
FIG. 1: The tree level and next higher order diagrams giving rise to leptonic asymmetry. Lepton number violating coupling is
on the right of the ‘cut’ in second diagram.
χ†1
lj(νi) ν
†
i (l
†
j)
χ†2
l˜j(ν˜i)
χ1
l†j(ν
†
i ) νi(lj)
χ2
l˜j(ν˜i)
FIG. 2: The tree level diagrams for the lepton number conserving decays for χ1
γDχ01
= neq
χ01
K1(z)
K2(z)
(
Γχ01→νll + Γχ01→νll + Γχ01→llχ02 + Γχ01→qqχ02
)
; γDχ02
= neq
χ02
K1(z)
K2(z)
(
Γχ02→νll + Γχ02→νll
)
= γCPVχ02
;
γCPVχ01
= neq
χ01
K1(z)
K2(z)
(
Γχ01→νll + Γχ01→νll
)
; γψ1ψ2→φ1φ2 =
mχ02
64pi4z
∫ ∞
smin
ds
2λ(s,m2ψ1 ,m
2
ψ2
)
s
σ(s)
√
sK1
(√
sz
mχ02
)
;
smin = max[(mψ1 +mψ2)
2, (mφ1 +mφ2)
2].
In the above Ki(z) are usual modified Bessel Functions,
the thermally averaged decays and CP violating decays
are defined as γD
χ02
, γD
χ01
, γCPV
χ01
and γCPV
χ02
and the ther-
mally averaged cross-sections are defined as γψ1ψ2→φ1φ2
and  is the CP asymmetry parameter as mentioned in
eq.(3). Unlike γD
χ02
, the γD
χ01
has L conserving decay term
also and unlike χ01, the χ
0
2 has annihilation to W
+W−
also.
In presence of sphalerons the leptonic asymmetry Y∆L
will be converted to baryonic asymmetry Y∆B as [13]
Y∆B = −
(
8Nf + 4NH
22Nf + 13NH
)
Y∆L
where Nf = 3 is the number of lepton generations and
NH = 2 is the number of Higgs doublets in the R-
parity violating supersymmetric model. In Fig. 3, we
have shown the evolution of the baryonic asymmetry Y∆B
with temperature (z = mχ1/T ) after numerically solving
above Boltzman equations. For numerical analysis we
have considered mχ01 = |M1| = 3 TeV, mχ02 = |M2| = 1
TeV, mq˜ = 50 TeV and the /R coupling λ = 10
−2, Majo-
rana phase φ = pi/2 and |µ| ∼ 10 TeV. We have consid-
ered different combinations of charged slepton and sneu-
trino masses in the figure. If the sneutrino mass is con-
sidered lighter than the charged slepton mass as shown in
long dashed line, the asymmetry gets reduced because of
some L violating scatterings washing out the asymmetry
FIG. 3: Y∆B versus z = mχ/T in which squark masses mq˜
= 50 TeV and the /R coupling λ = 10−2.
more. As shown in dash-dotted line for degenerate rela-
tively lighter sfermion masses of 20 TeV there is scope of
5obtaining larger baryonic asymmetry.
From figure 3, it is seen that the required asymmetry
could be obtained above T & 300 GeV (corresponding
to z . 9 ) which is above the freeze out temperature (
Tout ∼ 200 GeV) for the sphaleron transition [7, 14–16]
for weakly first order or second order phase transition and
hence leptonic asymmetry can be successfully converted
to baryonic asymmetry by the sphalerons. We do not
need here strictly first order phase transition. As seen
from the asymmetry generated corresponding to dash-
dotted line, one may as well choose the Majorana phase
lesser than the maximal one and also there is scope to
consider λ slightly lesser than 10−3 also with about 40
TeV sfermion mass to get the required baryonic asymme-
try. For slepton mass of order 40 TeV phenomenological
constraint gives approximate bound of λ . 10−1 [11]. So
higher values of λ than that considered in Fig. 3, could be
considered for which CP violating phase value could be
lowered than its maximal value resulting in appropriate
asymmetry.
In R -parity violating Supersymmetric model the Ma-
jorana neutrino mass can be obtained from one loop
Feynman diagram with fermion and sfermion in the loop
and with lepton number violating trilinear interaction
term. In our case, for non-zero λ coupling it can be
written as [17]
mνiνj '
∑
k,l
λiklλjlkmkmlm˜
16pi2m˜2l
where mk and ml are the masses of charged lepton
and m˜ ∼ (A,µ) corresponds to SUSY breaking param-
eters and m˜l is the slepton masses. Main contribution
is expected to come from τ -lepton mass. Considering
λ ∼ 10−2 corresponding to Figure 3 or lesser than that
and m˜ = 10 TeV; m˜l = 40 TeV and k = l = τ one
can easily satisfy the cosmological bound
∑
mνi . 0.1
eV [18]. However, λ ∼ 10−2 is more appropriate to get
mass square differences of about 2 × 10−3eV2 to satisfy
atmospheric neutrino oscillation data [19]. Considering
other L violating couplings like λ1jk, λ2jk slightly lesser
than λ it is possible to get mass square differences of
about 7 × 10−5 and 2 × 10−3eV2 satisfying both solar
and atmospheric neutrino oscillation data [19].
The lighter two neutralinos are expected to be almost
gauginos. This could be envisioned in Supergravity mod-
els with symmetry broken in the hidden sector [20]. At
LHC there could be pair production of such gauginos
followed by decay of next to lightest neutralino to the
lightest one by L conserving decay mode and the light-
est one by L violating decay mode as mentioned earlier
giving multi-lepton signature. However, other supersym-
metric particles - particularly squarks and sleptons being
too heavy - could be hard to be pair produced at LHC
in near future. Such heavy masses are consistent [21]
with the kind of Higgs mass observed at LHC. Besides,
because of heavy such sfermion masses, it is difficult to
constrain the Majorana phases [22] even after recent im-
provement on the experimental bound of electric dipole
moment of particularly electron [23].
In this scenario baryonic asymmetry could be sufficient
because leptogenesis is possible with one L violating cou-
pling and the Majorana phase of neutralinos which in our
case is so far not constrained phenomenologically, plays
the role of CP violation. One may note that gaugino
mass condition as mentioned after eq. (2) is important
requirement for this mechanism to work. Besides this, be-
cause of no mixing of next to lightest neutralino with Hig-
gsino above electro-weak symmetry breaking scale, it’s
number density remains adequate for generating asym-
metry. Furthermore, because of three body decay, the
L violating coupling is not required to be much smaller
in satisfying the out of equilibrium condition and hence
could play the role of generating suitable light neutrino
mass as required in cosmology and to satisfy neutrino
oscillation experimental data.
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